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ABSTRACT 



An arrangement for controlling and adjusting the output 
power of radio frequency signals sent from a radio unit (100) 
and the input power of radio frequency signals received by 
the radio unit. Variations in the amplification/attenuation of 
transmitter-and-receiver units are simultaneously compen- 
sated for in both the transmitter part and the receiver part of 
the units so that the amplification will remain the same 
irrespective of these variations in operation, A detector 
signal (U^,) is compared with a reference signal (U^^) by a 
difference amplifier (112), which generates a difference 
signal (UJ. The detector signal (U^^^) is measured by a 
power sensing means provided in the vicinity of an antenna 
(113), and corresponds to the power at which radio fre- 
quency signals are transmitted. The reference signal (U,^^) 
corresponds to a desired power of transmitted radio fre- 
quency signals. The difference signal (U^) generated by the 
difference amplifier (112) controls the setting of the ampli- 
fication of a first variable amplifier (109) and a second 
variable amplifier (110), adapted to amplify radio frequency 
signals that are transmitted and received respectively. 

25 Claims, 6 Drawing Sheets 
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ARRANGEMENT AND A METHOD 
RELATING TO A RADIO UNIT 

FIELD OF INVENTION 

The present invention relates to an arrangement and to a 
method for controlling the output power of radio frequency 
signals sent from a radio unit in a radio base station (RBS) 
and the input power of radio frequency signals received by 
the radio unit. The arrangement is particularly designed to 
control the output power from radio base stations that 
include remote amplifier stages. 

BACKGROUND OF THE INVENTION 

The majority of countries have mobile radio systems. In 
order to enable the system operators to satisfy capacity 
expectations with the frequency bands allotted to the 
Operator, the mobile radio system is divided into geographi- 
cal areas that are called cells. The cells may have a radio 
base station placed in the centre of the cell, wherein a mobile 
terminal communicates with other mobile terminals and 
with a land-based telephone network through said radio base 
station. The cells are designated omnicells in this latter case. 
One and the same radio base station can cover several cells 
with the aid of directional antennas, these cells then being 
designated sector cells. 

Radio channels that arc allotted to the mobile radio 
system are shared by those cells that are included in the 
system. A set of mutually the same radio channels can be 
used in several cells. Cells that use the same radio channels 
are spaced sufficiently apart so as not to interfere with one 
another. This demands careful cell planning. 

First-time planning of a cell involves choosing the respec- 
tive positions of radio base stations and antennas, among 
other things. The power at which the antennas are permitted 
to transmit is governed by the positions of the radio base 
stations and the antennas, which in turn governs the area 
covered by the base stations. Improvements in capacity, for 
instance, necessitates the cells being made smaller and 
therewith the maximum permitted output power to be 
reduced. 

In order to plan a cell accurately and, at the same time, 
provide the highest possible output power without exceeding 
a permitted power level, it is necessary to control the power 
output of the antenna both accurately and quickly. 

EP 0684707 Al teaches an arrangement and a method for 
controlling the transmission power of radio frequency sig- 
nals. A power-sensitive element placed within an antenna 
element enables the transmission power of radio frequency 
signals to be monitored. The signal power measured by the 
power sensitive element is converted analogue/digital and 
delivered to a microprocessor. The microprocessor generates 
an output signal in relation to said input signal, said output 
signal controlling a variable attenuator included in the 
transmitter chain of the arrangement and thus influencing the 
output power of radio frequency signals by virtue of differ- 
ent attenuation levels of the attenuator. The power control is 
carried out with each time slot and the power of a transmit- 
ted radio frequency signal is not changed during a time slot 
but is adjusted between time slots. 

EP 0695031 A2 teaches a mobile communications 
arrangement that includes a control circuit for adjusting, or 
setting, the output power of radio frequency signals. A 
reference voltage generator generates a reference voltage 
that is compared with a detected voltage by means of a 
comparator. The voltage detected corresponds to a power of 
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a radio frequency signal to be transmitted. The detected 
voltage is obtained by measuring the power of the radio 
frequency signal with an output power sensor and convert- 
ing the measured power to a corresponding detected voltage 

5 with a detector. The reference voltage corresponds to a 
desired output power of the radio frequency signal. The 
comparator generates a difference signal, i.e. a signal cor- 
responding to the difference between the measured power 
and the reference power, which controls a power amplifier in 

10 the transmitter link of the arrangement. The control circuit 
sets the amplification factor of the power amplifier so that 
the output power of the radio frequency signal will corre- 
spond to the desired output power. Generated reference 
voltages derive from measurements of received radio fre- 

15 quency signals and the reference voltages are thus dependent 
on the received radio frequency signals. 

Described in JP 07250020 A is a regulator intended for 
controUing output powers of radio frequency signals that 
shall be transmitted from a portable telephone or Like 

20 apparatus. According to this solution, when measuring the 
power at which radio frequency signals are transmitted, 
there is \ised an antenna which receives a part of those radio 
frequency signals that are sent by the portable telephone. 
Received radio frequency signals are detected and compared 

25 with a d.c. voltage in a comparator and the difference 
indicating signal generated thereby controls indirectly a 
variable amplifier in the transmitter fink of the portable 
telephone. 

30 SUMMARY OF THE INVENTION 

The present invention addresses the problem of how 
earlier determined amplification factors (gain) can be set 
with good tolerance for transmitters and receivers in a radio 
unit irrespective of ambient temperature, even when a long 
35 feeder is used between a transmitter-and-receiver unit and a 
remote amplifier stage. 

Another problem solved by the present invention is one of 
guaranteeing a maximum output power of radio frequency 
signals sent from the radio unit. 

Another problem addressed by the present invention is 
one of eliminating the need of manually trimming maximum 
transmitted power from an antenna arranged at the radio 
unit, and manually trimming the amplification of the 
receiver link in the radio unit upon installation. 

45 

Thus, an object of the present invention is to set earlier 
specified amplification factors (gain) with good tolerance for 
the transmitter and the receiver of the radio unit. 

Another object of the present invention is to guarantee a 
50 maximum output power of radio frequency signals sent from 
the radio unit. 

Still another object of the invention is to eliminate the 
need of trimming-in the radio unit manually upon installa- 
tion. 

55 The above problems are solved in accordance with the 
present invention, by providing a power sensing means in 
the vicinity of an antenna al a radio base station. The power 
sensing means converts transmitted radio frequency signals 
to a detector voltage corresponding to the radio signal. The 

60 detector voltage is compared with a reference voltage in a 
difference amplifier. The reference voltage is generated in 
the radio base station and corresponds to a desired maximum 
output power of transmitted radio frequency signals. The 
difference amplifier generates a difference signal which is 

65 used to set the amplification of a first variable amplifier in 
the transmitter, link in one embodiment of the invention, and 
also of a second variable amplifier in the receiver fink. 
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One advantage afforded by the present invention is that it 
compensates automatically for the temperature dependency 
of all components in the transmitter link with the exception 
of the difference amplifier. 

Another advantage is that the amplification of the trans- 
mitter and of the receiver (gain) can be set simultaneously 
with one and the same control circuit. 

A further advantage afforded by the present invention is 
that the amplification in the transmitter link and in the 
receiver link is independent of the attenuation in a feeder 
provided in a radio base station between a transmitter-and- 
receiver unit and a remote amplification stage. 

Yet another advantage afforded by the invention is that it 
eliminates the need to trim the output power manually when 
installing the radio base station. 

The present invention will now be described in more 
detail with reference to preferred embodiments thereof and 
also with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates an embodiment of an inventive radio 
unit. 

FIG. 2 shows the relationship between transmitted power 
and the set amplification level. 

FIG. 3 shows how time slots with different power levels 
follow a reference signal corresponding to a specified power 
level. 

FIG. 4 shows another embodiment of the inventive radio 
unit with two essentially identical radio units. 

FIG. 5 shows another embodiment of the inventive radio 
unit. 

FIG. 6 shows yet another embodiment of the inventive 
radio unit. 

FIG. 7 illustrates temporary control of output powers to 
highest levels for some time slots. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

FIG. 1 shows a radio unit 100 which forms part of a radio 
base station. The radio unit 100 includes a transmitter-and- 
receiver unit 107 in which essentially all signal processing 
for the radio base station is carried out. Radio frequency 
signals generated by the transmitter part of the transmitter- 
and-receiver unit 107 occur on a transmitter-and-receiver 
unit connection 116. The generated radio frequency signals 
are fed by a feeder 117 to a connection 118 on an antenna 
unit 119 carried on the top of a mast. A circulator 108 
connects the generated radio signals with an input 102 of a 
remote transmitter amplifier unit 101. In another 
embodiment, the circulator 108 may be replaced with a 
duplex filter that functions in accordance with the same 
principles as the circulator 108. The remote transmitter 
amplifier unit 101 includes a first variable amplifier 109 and 
a power amplifier 120. The first variable amplifier 109 may 
be comprised of a fixed attenuator pad, but is referred to as 
an amplifier hereinafter. The radio frequency signals aniv- 
ing on the input 102 of the remote transmitter amplifier unit 
are amplified to a determined level by the remote transmitter 
amplifier unit 101 and are delivered on an output 103 of said 
remote transmitter amplifier unit 101. The radio frequency 
signals generated on the output 103 are delivered to an 
antenna 113 via a duplex filter 114. 

Radio frequency signals received by the antenna 113 are 
delivered to an input 105 of a remote receiver amplifier unit 



(4,050 Bl 

4 

104 via the duplex filter 114. Received radio frequency 
signals that occur over the input 105 of the remote receiver 
amplifier unit 105 are amplified to a determined level and 
delivered to an output 106 of the remote receiver amplifier 

5 unit 104. The remote receiver amplifier imit 104 includes an 
amplifier 121, for instance a low noise amphfier, and a 
second variable amplifier 110. The radio frequency signals 
arriving on the output 106 of the remote receiver amplifier 
unit 104 are delivered to the transmitter-and-receiver unit 

10 107 via the circulator 108 and the feeder 117. All detection 
of the received radio frequency signal is carried out in the 
receiver part of the transmitter-and-receiver unit 107. 

It is not necessary to use one and the same antenna for 
transmission and reception, and separate antennas can be 

15 used to this end. In this latter case, the power sensing means 
(111) will be arranged in the proximity of the antenna 
intended for transmission. 

The power of transmitted radio frequency signals must be 
limited so as not to interfere with other radio frequency 

^ signals of the same firequencies that are reused in a cellular 
radio system, among other things. There is also found a 
permitted maximum power that may not be exceeded for 
transmitting radio firequency signals in a cellular system. 
This maximum power is determined nationally. Both the 

^ limiting and the control of transmission powers arc effected 
with the aid of a control circuit in the antenna unit 119. 

The control circuit includes a power sensing means 111, 
a signal difference amplifier 112 that includes a peakhold 
detector and an amplifier, the first variable amplifier 109. 
The magnitude of the power of a transmitted radio frequency 
signal is determined by the magnitude of a reference signal 

The power sensing means 111 converts the power value of 

22 a measured radio frequency signal to a detector signal 
corresponding to said power value. As shown in FIG. 1, the 
power sensing means 111 may be arranged in the proximity 
of the antenna 113 or at some other position in the trans- 
mitter liiik downstream of the first variable amplifier 109. 
The difference amplifier 112 compares the detector signal 
U^^ with the reference signal therewith obtaining a 
difference signal by which is meant the difference 
between the value of the detector signal and the value of the 
reference signal. The obtained difference signal is uti- 

^2 lized to control the amplification factor of both the first 
amplifier 109 and of the second amplifier 110. The ampli- 
fication factors for respective variable amplifiers are con- 
trolled in a known manner. 
A closed loop comprising the difference amplifier 112, the 

50 first variable amplifier 109, the power amplifier 120, the 
antenna 113 and the power sensing means 111 thus continues 
to perform a control function until the detector signal U^^., is 
equal to the reference signal U^^ The radio base station sets 
the reference signal U^^ to a maximum permitted value for 

55 the cell of the radio base station. Since there is always found 
for each cell at least one time slot that conesponds to 
maximum power output, the difference amplifier 112 will set 
the amplification of the first variable amplifier 109 so that 
the detector signal U^,, will be equal to the reference signal 

60 ^rvr 

Radio firequency signals that are sent to and from the 
transmitter-and-receiver unit 107 via the feeder 117 will be 
subjected to attenuation during transportation in the feeder. 
Attenuation in the feeder 117 is, inter alia, dependent on the 
65 length of the feeder and its temperature. 

It is highly important that a cellular system has a good 
power regulating capacity, partly to fulfil the requirements 
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set by the authorities with respect to the highest permitted 
output power, and partly to obtain good spectrum efficiency, 
in other words determine cell size with the aid of different 
transmission powers so as to be able to reuse the same 
frequencies as soon as possible. This results in lower inter- 
ference on other calls in the vicinity. 

The power at which a mobile terminal shall transmit is 
determined in the Base Station. Subsystem (BSS). BSS 
calculates the transmission power required by the mobile 
terminal, by measuring power received from the mobile 
terminal. In so doing, BSS takes into consideration the 
maximum transmission power of the mobile terminal and 
also quality measurements carried out by a base transceiver 
station (BTS). 

The amplification (gain) is calibrated in conjunction with 
producing the radio unit 100, both with respect to the 
transmitter link and the receiver link in said unit. This also 
applies to the remote amplifier stage. Transmitter link ampli- 
fication is the total amplification from the connection 116 on 
the transmitter-and-receiver unit 107 to an output of the 
duplex filter 114, via the remote transmitter amplifier unit 
101. When the output power of a radio frequency signal 
from the transmitter-and-receiver unit 107 is designated 
Puts/jv^ the attenuation in the feeder 117 is designated A^, 
the amplification of the first variable amplifier 109 is des- 
ignated and the amplification of the pov^^er amplifier 120 
is designated Gj> an output power to the antenna can be 
calculated in accordance with 



where 



— xc„ 

Aft 



transmitter-and-receiver unit 107, via the remote receiver 
amplifier unit 104, When the power of a radio frequency 
signal received by the antenna 113 is designated ^rnot/antemty 
the amplification of the low noise amplifier 121 is desig- 
nated Gj^, the amplification of the second variable amplifier 
110 is designated G^^ and the feeder attenuation is desig- 
nated Ap, the receiver power P^^, at the connection 116 for 
a received radio frequency signal can be calculated in 
accordance with 



20 



25 



is an amplification that is to be kept constant in the trans- 
mitter link. The output power Puts/jv, from the transmitter- 
and-receiver unit 107 is known. The amplification G ^ of the 
power amplifier 120 is known. Feeder attenuation varies 
greatly, with the degree of attenuation depending on the 
installation, for instance depending on the length of the 
feeder, and also with temperature. The amplification G^„ of 
the first variable amplifier is controllable. 

When the output power of the broadcast control channel 
BCCH is controlled so as to be held constant, a change in the 
amplification G^ of the first variable amplifier will occur in 
response to a change in feeder attenuation A^ due, for 
instance, to a change in temperature, such that the combined 
amphfication for the feeder 117 and the first variable ampli- 
fier 109 will remain constant, i.e. the product of 



45 



50 



55 



remains constant. When the feeder attenuation A^r is doubled 
as a result of a temperature change for instance, the control 
circuit will regulate the amplification G^^ of the first vari- 
able amplifier so as to double its amplification. The output 
power is therewith kept constant, despite this twofold 
increase in feeder attenuation Ap. The aforesaid difference 
signal is thus a measurement of feeder attenuation A^-, 
among other things. 

The amplification of the receiver link is the total ampli- 
fication from the antenna 113 to the connection 116 on the 



60 



65 



P mot — P mafaf 



1_ 



where 



C)?xG„f x — 



is an amplification that shall be kept constant in the receiver 
Hnk. 

Because the aforesaid difference signal is a measure- 
ment of the feeder attenuation A^-, the difference signal is 
also used to control the second variable amplifier 110. A 
change in feeder attenuation Ap results in an amplification 
Gjj corresponding to the amphfication of the second variable 
amplifier, such that the product of: 



30 



35 



remains constant. 

The reference signal can be varied in at least two 
ways. This will be described below with reference to FIG. 2 
and FIG. 3. An inventive method of controlling the amph- 
fication for the first variable amplifier 109 and the second 
variable amplifier 110 will now be described with reference 
to FIG. 3. This inventive method of controlling the power 
will be explained with respect to a Time Division Multiple 
Access (TDMA) system of the GSM type. It will be 
understood, however, that the invention can also be appHed 
in other mobile radio systems. 

A mobile radio system constructed in accordance with 
TDMA technology has a number of frequencies, all of which 
are divided into a specific number of time slots. There are 
eight time slots for each frequency m the GSM system. 
Either control channels or traffic channels are sent fi-om the 
radio base station and the mobile telephone in these time 
slots. Broadcast Control CHannel (BCCH) is a control 
channel that contains information important to the mobile 
terminals. The BCCH transmits from the radio base station 
to all mobiles that are located within the area covered by the 
radio base station. The BCCH transmits with the maximum 
power permitted for the cell, so as to be able to reach all 
mobiles present in the cell. AH cellular radio systems include 
a channel that is transmitted at the highest possible power 
level and that functions to deliver information to all mobile 
stations. The channel is generally referred to as the broadcast 
channel, although it has its own specific designation in 
respect of our system, 

FIG, 2 is a time diagram which illustrates sequential 
transmission of time slots. A first time slot 200 corresponds 
to the control channel BCCH, while a second time slot 201, 
a third time slot 202, a fourth time slot 203 and a fifth time 
slot correspond to another signal, which may be either a 
traflSc chaimel or a control channel. 

The magnitude of the output power of the BCCH is set by 
suitable selection of the magnitude of the reference signal 
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U^y* In the case of this embodiment, it is only necessary to 
change the reference signal when needing to change the size 
of the cell. 

The difference amplifier 112 is implemented with a pea- 
khold detector that has a rapid rise time and a slow fall time. 
This is shown in FIG. 2 with a broken line 210, which 
corresponds to the amplification of the transmitter link. The 
transmitter link amplification decreases as a result of the 
difference amplifier 112 generating the difference signal 
which influences the amplification of the first variable 
amplifier 109. The slope of the broken line 210 has been 
greatly exaggerated, in order to make this principle clear. In 
this case, the difference signal occurs because the stored 
value of the measured detector signal U^^^ decreases as a 
result of the known construction of the peakhold detector. 
When the first time slot 200 is sent, the amplification of the 
first variable amplifier 109 is set in the manner earlier 
explained. The output power of the BCCH is set in the 
transmitter part of the radio unit 100. The output power of 
the second time slot 201 is adjusted by the radio unit 100, 
amplified in the remote transmitter amplifier unit 101, and 
transmitted by means of the antenna 113. Because the 
difference amplifier 112 includes a peakhold detector, the 
regulating or control circuit will refrain from adjusting the 
second time slot to a level corresponding to the reference 
signal XJ^p The peakhold detector only takes the highest 
measurement signal into account. The difference amplifier 
112 including said peakhold detector thus remembers the 
highest measured power 

As will be understood, the inventive method of control- 
ling maximum output power is not restricted to measuring 
and controlling the output power of the BCCH. Tlic same 
measuring and control processes can be carried out for any 
chosen signal and time slot that shaU have a maximum 
output power. 

Alternatively, the reference signal can be allowed to vary 
for each time slot, in which case power adjustment is 
effected by means of the regulating circuit in the antenna 
unit 119 for all time slots. In this embodiment, there is used 
a standard difference amplifier instead of a peakhold 
detector, said amplifier providing fast adjustment of the 
output power of each time slot. The transmitter part of the 
transmitter-and-receiver unit 107 contains information as to 
the magnitude of the power at which all time slots shall be 
transmitted. In this case, the reference signal U^^is gener- 
ated in the transmitter part of the transmitter-and-receiver 
unit 107 and is delivered to the regulating or control circuit 
of the antenna unit 119 for each time slot. This is not shown 
in any of the Figures. However, a number of solutions are 
available in this respect. One example resides in a circuit 
that includes a memory store and a digital/analogue con- 
verter Hie memory contains a table in which the various 
values correspond to a reference signal In turn, the 
reference signal U^^ corresponds to a given desired power 
output of radio frequency signals. The radio base station 
generates a digital value that points to a table value in the 
memory. The indicated value is digital/analogue converted, 
therewith obtaining the reference signal U^yv A new refer- 
ence signal is generated for each time slot. 

The broken Une 310 in FIG. 3 illustrates how the power 
for the transmitter link varies with transmitted time slots. 
This renders the output power independent of both tempera- 
ture variations and frequency variations. This is because the 
output power of the transmitter-and-receiver unit 107 is 
changed at the same time as the reference signal is 
changed. The reference voltage U„yis set to a power value 
Pq corresponding to the power value for a first time slot 300, 
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which may be a BCCH, for instance. When a second time 
slot is to be transmitted with a lower output power, the 
reference signal U^is changed to a lower value correspond- 
ing to the output power Pj. The output power from the 

S transmitter-and-receiver unit 107 is changed at the same 
time. When a third time slot 302 having an output power P^ 
is to be transmitted, the reference voltage is set to a 
value corresponding to the power Pj. The power sensing 
means HI measures the power of the radio frequency signal 

10 of each time slot and generates a detector signal U^^, that 
corresponds to each power The output power adjustment 
continues in this way for all time slots sent fi-ora the radio 
unit 100. 

A radio unit that has a higher transmitting-and-receiving 

15 capacity than the radio unit 100 described with reference to 
FIG. 1 is obtained by combining two identical communica- 
tion units 400flj 400i> such as to provide a radio unit 400. 
FIG. 4 iQtistrates such a higher capacity radio unit 400. The 
communication units 400a, 400 b are essentially comprised 

20 of the same components as the radio unit 100. The radio unit 
100 was described above with reference to FIG. 1. In this 
embodiment, however, there is obtained on the one hand a 
first detector signal Uj^^j that corresponds to the power of a 
radio frequency signal sent from a first antenna Vl3a, the 

25 power of said radio signal being converted by means of a 
first power sensing means Ilia to said first detector signal, 
and, on the other hand, a second detector signal U^^^ that 
corresponds to the power of the radio frequency signal sent 
from a second antenna 113b, the power of said radio signal 

30 being converted by means of a second power sensing means 
1115. It is intended with this embodiment to utilize the 
reference signal U„y- to control the system so that the output 
powers of the radio signals sent respectively from the first 
antenna 113fl and from the second antenna 1136 will not 

35 exceed the maximum permitted power 

The radio unit 400 also includes a first peakhold detector 
412a with amphfication and a second peakhold detector 
412fc with amplification, said detectors each generating a 
respective first difference signal U^j and a second difference 

40 signal U^. The first difference signal U^^ is obtained from 
the first peakhold detector 412a by comparison of the first 
detector signal U^^^^ with the reference signal U^^ The 
second difference signal U^2 is obtained fi^om the second 
peakhold detector 412b by comparing the second detector 

45 signal Uj^^ with the reference signal U^^v The first differ- 
ence signal Ug^ is compared with the second difference 
signal with the aid of a comparator 425 which generates 
an output signal that moves a switch 426 either to a first state 
1 or to a second state 2. The peakhold detectors 412a, 4125, 

50 the comparator 425 and the switch 426 form a difference 
amplifier 412. If the first difference signal U^^ has the 
highest value, the switch 426 is switched to its first state 1, 
whereas if the second difference signal has the highest 
value, the switch 426 is switched to its second state 2. The 

55 first difference signal corresponds to the detector signal of 
highest value. The greatest difference signal of the first 
difference signal and the second difference signal U^2 is 
chosen by means of the comparator 425 as before 
mentioned, and thus corresponds to the difference signal 

60 present on the output 425 of the difference amplifier 412 in 
FIG. 4. 

The obtained difference signal is used to adjust a first 
variable amplifier 409fl, a second variable amplifier 4095, a 
third variable amplifier 41 Oa, and a fourth variable amplifier 
65 4105. With a common setting of the variable amphfication 
in a first remote transmitter amplifier unit 401a and a second 
remote transmitter amplifier unit 4015, the first remote 
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transmitter amplifier unit 401a and the second remote trans- 
mitter amplifier unit 4016 will therewith have the same high 
amplification. Because the remaining components of respec- 
tive communication units for 400fl, 4006 are essentially 
identical, the same amplification will be obtained in the 
transmitter links of respective communications units 400^^ 
4006. The same applies to the receiver link of respective 
communications units 400a^ 4006. In other words, when the 
variable amplification in a first remote receiver amplifier 
unit 404(1 and in a second remote receiver amplifier unit 
4046 have a common setting, the same ampUfication factor 
will be obtained for the first remote receiver amplifier unit 
404a and for the second remote receiver amplifier unit 4046. 
Knowledge that one of the two units 400fl, 4006 transmits a 
radio frequency signal with a maximum permitted output 
power enables the amplification of the transmitter link and 
the receiver link of the communications units 400a, 4006 to 
be adjusted. As before mentioned, the signal that is sent with 
maximum power may be the broadcast control channel 
BCCH in a GSM system, for instance. 

FIG. 5 shows another embodiment of an inventive radio 
unit 500, The radio unit 500 includes two essentially iden- 
tical communications units 500a, 5006. The embodiment 
illustrated in FIG. 5 differs from the FIG. 4 embodiment in 
that a first feeder 517a is connected between the transmitter- 
and-receiver unit 507a and the first remote transmitter 
amplifier unit 401a, a second feeder 550a is connected 
between the transmitter-and-receiver unit 507a and the first 
remote receiver amplifier unit 504a, a third feeder 5176 is 
connected between the transmitter-and-receiver unit 5076 
and the second remote transmitter amplifier unit 4016, and 
a fourth feeder 5506 is connected between the transmitter- 
and-receiver unit 5076 and the second remote transmitter 
amplifier unit 4016. 

Another difference resides in the use of separate 
transmitter-and-receiver antennas for each communications 
unit. The first remote transmitter amplifier unit 401a is 
connected to a first transmitter antenna 513a via a first 
bandpass filter BPla, while the first remote receiver ampli- 
fier unit 504a is connected to a first receiver antenna 551a 40 
via a second bandpass filter. The communications unit 5006 
is constructed correspondingly, that is to say the second 
remote transmitter ampUfier unit 5016 is connected to a 
second transmitter unit 5136 via a third bandpass filter 
BP16, while the second-remote receiver amplifier unit 5046 45 
is connected to a second receiver unit 5516 via a fourth 
bandpass filter BP26. 

Power control is effected in the radio unit according to 
FIG. 5 in the same way as that of the aforedescribed 
inventive radio unit 400 illustrated in FIG. 4. 

In a further embodiment of an inventive radio unit that 
includes more than one communications unit 600a, 6006, 
compensation is made for possible variation of the attenu- 
ation between the feeders 117a, 1176 of respective units 
600a, 6006, This fiirther embodiment is described with 
reference to FIG, 6. The radio unit 600 includes two com- 
munications units 600a, 6006, similar to the radio unit 
described above with reference to FIG. 4. Each of the 
communications units 600a, 6006 differs slightly from the 
units shown in FIG. 1 and FIG. 4, in that the variable 
amplifier 609a, 6096 of the remote transmitter stage is 
connected between the feeder 117a, 1176 and the circulator. 
This placement makes the variable amplifier 609a, 6096 
common to both the remote transmitter amplifier unit and 
the remote receiver amplifier unit. 

As with the earlier described embodiments, each remote 
transmitter amplifier unit includes a remote power amplifier 
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620a, 6206, in addition to the variable amplifier 609a, 6096. 
Each remote receiver amplifier unit includes a receiver 
amplifier 621a, 6216 in addition to the variable amplifier 
609a, 6096. The receiver amplifier 621fl, 6216 and the 
power amplifier 620a, 6206 are connected in parallel 
between the circulator and a duplex filter. The duplex filter 
is connected to the antenna 113a, 1136. 

Each communications unit 600a, 6006 includes a power 
sensing means 111a, 1116 and a separate difference amplifier 
612a, 6126. The difference amplifier 612ti, 6126 receives on 
one input the measured power level firom the power sensing 
means Ilia, 1116 and on another input a reference signal 
The output of difference amplifier 612a, 6126 is 
connected to the variable amplifier 609a, 6096 and controls 
its amplification through the medium of a difference signal 

The radio unit 600 also includes a control unit 630 having 
connections 631, 632a, 6326, as described below. 

Thus, each communications xmits 600a, 6006 of this 
embodiment has its own power level control system which 
works independently of the other communications units 
600a, 6006 

Only BCCH is always transmitted on maximum power 
and only one communications unit 600a, 6006 at time can 
send BCCH. Thus, with separate power regulating loops, 
only one communications unit 600a, 6006 at a time is able 
to set the level of the difference amplifier 612a, 6126 with 
the aid of BCCH. Since channels other than BCCH also 
sometimes transmit above maximimi power, the difference 
amplifier is also able to adjust to the correct level when one 
of these other channels is transmitted on maximum power. 

One way of guaranteeing that maximum power will be 
constantly transmitted over one channel from each commu- 
nications unit 600a, 6006, is to move the transmission of 
BCCH between the two communications units 600a, 6006. 
In this case, one communications unit 600a, 6006 will 
transmit on BCCH over a short period and sets the correct 
power level and can then wait for at least some minutes 
before needing to reset the power level. BCCH is then again 
moved and the radio power output set to the correct power 
level. 

This presumes that the difference amplifier 612a, 6126 
retains the level of the difference signal U^^, between 
those periods at which transmission is at maximum radio 
power. The difference amplifier may include the earlier 
described peakhold detector 412a, 4126 when it has a very 
slow fall time. Alternatively, the difference amplifier may 
have a digital memory function that holds the output signal 
constant on the level set at the latest transmission on 
maximum power output. 

Attenuation variations in the feeder are normally slow and 
the control loop that compensates for this attenuation may 
also be slow. 

An alternative solution is to increase the transmission 
power to a maximum permitted level over a short sequence 
for one or more time slots and thereby update the level from 
the difference amplifier 612a, 6126. This interval may be 
made a long interval, for instance an interval of ten minutes 
or thereabove, between the short sequences of maximum 
power transmission. The principle of this solution is shown 
in FIG. 7, in which the difference signal U^j, delivered 
by the difference amplifier 612a, 6126 is indicated by a 
broken line, which corresponds to the amplification from the 
difference amplifier 612a, 6126. It is assumed in this case 
that the difference signal U^j, from the difference 
amplifier 612a, 6126 is held at a constant level between 
updates with the aid of a digital memory circuit. When the 
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power output is raised temporarily to a maximum level in 
this case, the difference signal U^j, delivered by the 
difference amplifier 612a, 6126 will be lowered slightly, as 
indicated by the broken line in FIG. 7. 

Instead of allowing the difference amplifier to maintain s 
the level of the difference signal U^^, over a long time 
period, the communications unit 6Q0a, 600b can be switched 
quickly for transmission of BCCH. This switch can be made 
for each time slot, for instance. 

The radio unit 600 shown in FIG. 6 includes all compo- 
nents from the end of the two feeders 117fl, 1176 up to and 
including the antennas I12a, 1136 in the antenna unit 619. 
The antenna imit 619 also includes a control unit 630. The 
control unit 630 is connected to a supervisory unit located 
adjacent the transmitter-and-receiver unit 107, via a data bus 
631. The supervisory unit is not shown in FIG. 6. The level 
or levels of the reference signal U^^^ is/are set in the radio 
unit 600 with the aid of the supervisory unit. The control unit 
is also connected to the two difference amplifiers 612fl, 6126 
by data busses. The level of the reference signal U^^is sent 
to the control unit 630 in the antenna imit 619 from the 20 
supervisory unit. The control unit supphes the difference 
amplifiers 612fl, 6126 with the reference voltage U^^via the 
data busses 632£Z, 63326. The reference voltage U„/-is given 
as a digital value and is D/A converted by respective 
difference amplifiers 612fl, 6126, 25 

When a power adjustment is made for each transmitted 
time slot, as earlier described with reference to FIG. 3, the 
control unit 630 changes the level of the transmitted refer- 
ence signal U„y> for each time slot and each difference 
amplifier 612a^ 6126. 30 

The data busses 632fl, 6326 that connect the control unit 
630 with the difference amplifier 612a, 6126 are two- 
directional. The control unit 630 reads the detector voltage 
IJj^t received by each difference amplifier 621fl, 6216 
through the power sensing means llla^ 1116. If the received 35 
detector voltage U^^, is excessively low, the control unit 630 
reports this to the supervisory unit. 

Any malfunctioning of the link feeder 117fl, 1176^ remote 
power amplifier or antenna 113, 1136 with respective con- 
nections wiU be discovered by this difference report. 40 

Naturally, more than two radio units can be combined into 
a single radio unit, so as to obtain still greater capacity. 
Amplification in the transmitter link and the receiver link of 
each communications unit (400^, 4006^ 600a^ 6006) in a 
radio unit that is comprised of more than two communica- 45 
tions imils is controlled and adjusted in the same way as that 
explained with reference to FIG. 4 and FIG. 6. BCCH 
transmissions can also be controlled to alternate between 
more than two radio units. 

Anumber of known radio base stations include an antenna 50 
which is common both to uplink and downlink, whereas 
other known radio base stations include separate uplink and 
downlink antennas. The present invention can be applied 
with both of these variants and, for instance, the radio unit 
in FIG. 1 may be provided with an antenna for uplink and ss 
an antenna for downlink. 

In this presentation, it has been assumed for the sake of 
simplicity that the antenna unit 119 is placed at the top of a 
mast, as distinct from the transmitter-and-receiver unit 107. 
The transmitter-and-receiver unit 107 is normally placed at 60 
the foot of the mast and the antenna unit 119 high up on the 
mast. However, several variations exist with respect to the 
placement of the anteima and transmitter-and-receiver unit. 
One example in this respect is an indoor cell where the 
transmitter-and-receiver unit 107 must be placed at a posi- 65 
tion different to the antenna unit 119, for aesthetic reasons or 
space reasons. 



It will be understood that the invention is not restricted to 
the described and illustrated embodiments thereof and that 
modifications can be made with the scope of the following 
claims. 

What is claimed is: 

1. A radio unit for communication with radio terminals 
comprising: 

at least one remote transmitter amplifier unit having an 
input and an output, wherein the input of the transmitter 
amplifier unit is connected to a transmitter-and-receiver 
unit in the radio unit by a feeder having time-varying 
attenuation, wherein the output of the transmitter 
amplifier unit is connected to an antenna unit, wherein 
the transmitter amplifier unit includes a first variable 
amplifier; 

a second variable amplifier having an input and an output, 
wherein the output of the second variable amplifier is 
connected to said transmitter-and-receiver unit via said 
feeder, and wherein the input of the second variable 
amplifier is connected to said antenna unit; 

at least one sensor means for generating a detector signal 
corresponding to the signal output power of said 
antenna unit; 

a difference amplifier for comparing said detector signal 
with a reference signal corresponding to a desired 
signal output power, wherein a difference signal is 
obtained on an output of the difference amplifier, and 
wherein the output of the difference amplifier is con- 
nected at least to said first variable amplifier, and 
wherein said difference signal is used to control said 
first variable amplifier to compensate for said varying 
attenuation in the feeder; and 

at least one remote receiver ampfifier unit having an input 
and an output, wherein the input of the receiver ampfi- 
fier unit is connected to said antenna unit, wherein the 
output of the receiver amplifier unit is connected to the 
transmitter-and-receiver unit in the radio unit via said 
feeder, wherein said receiver amplifier unit includes 
said second variable amplifier, and wherein said dif- 
ference signal controls the second variable amplifier to 
compensate for said varying attenuation in said feeder. 

2. A radio unit according to claim 1, wherein said refer- 
ence signal is set at a predetermined time point that corre- 
sponds to a time point at which the output power shall be 
changed. 

3. A radio unit according to claim 2 wherein said prede- 
termined time point corresponds to a time point when the 
size of a cell in which the radio unit communicates with 
radio terminals shall be changed. 

4. A radio unit according to claim 2, wherein said prede- 
termined time point is the commencement of a time slot in 
a TDMA frame. 

5. A radio unit according to claim 1, wherein said differ- 
ence amplifier includes at least one peakhold detector 

6. A radio unit according to claim 1, wherein the radio 
unit's output power increases to a maximum level over a 
time interval of short duration to update said difference 
signal. 

7. A radio unit for commimication with radio terminals 
comprising: 

at least one remote transmitter amplifier unit having an 
input and an output, wherein the input of the transmitter 
amplifier unit is connected to a transmitter-and-receiver 
unit in the radio unit by a feeder having time-varying 
attenuation, wherein the output of the transmitter 
amplifier unit is connected to an antenna unit, wherein 
the transmitter amplifier unit includes a first variable 
amplifier; 
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a second variable amplifier having an input and an output, 
wherein the output of the second variable amplifier is 
connected to said transmittcr-and-receiver unit via said 
feeder, and wherein the input of the second variable 
amplifier is connected to said antenna unit; 

at least one sensor means for generating a detector signal 
corresponding to the signal output power of said 
antenna imit; 

a difference amplifier for comparing said detector signal 
with a reference signal corresponding to a desired 
signal output power, wherein a difference signal is 
obtained on an output of the difference amplifier, and 
wherein the output of the difference ampfifier is con- 
nected at least to said first variable amplifier, and 
wherein said difference signal is used to control said 
first variable amplifier to compensate for said varying 
attenuation in the feeder; and 

at least one remote receiver amplifier unit having an input 
and an output, wherein the antenna unit includes a first 
and second antenna, wherein the output of the at least 
one transmitter amplifier unit is connected to said first 
antenna, wherein the input of the receiver amplifier unit 
is connected to said second antenna, wherein the output 
of the i^ceiver amplifier unit h connected to said 
transmitter-and-receiver unit in the radio unit via said 
feeder, wherein said receiver amplifier unit includes 
said second variable amplifier, and wherein said dif- 
ference signal controls the second variable amplifier to 
compensate for said varying attenuation in the feeder. 

8. A radio unit according to claim 7, wherein said refer- 
ence signal is set at a predetermined time point that corre- 
sponds to a time point at which the output power shall be 
changed. 

9. A radio unit according to claim 8, wherein said prede- 
termined time point corresponds to a time point when the 
size of a cell in which the radio unit communicates with 
radio terminals shall be changed. 

10.. A radio unit according to claim 8, wherein said 
predetermined time point is the commencement of a time 
slot in a TDMA frame. 

11. A radio unit according to claim 7, wherein said 
difference amplifier includes at least one peakhold detector. 

12. A radio unit according to claim 7, wherein the radio 
unit's output power increases to a maximum level over a 
time interval of short duration to update said difference 
signal. 

13. A radio unit, for communication with radio terminals, 
comprising: 

a first and a second communications unit, each of which 
includes a respective antenna, wherein the first com- 
munications unit includes a first sensing means and the 
second communications unit includes a second sensing 
means; 

said first and said second sensing means each being 
adapted to generate a respective detector signal cor- 
responding to the power output of its own antenna; 

wherein the first communications unit also includes a 
first remote transmitter amplifier unit and said sec- 
ond communications unit also includes a second 
remote transmitter amplifier unit, each of said ampli- 
fier units having an input and an output, wherein the 
input is connected to a respective transmitter- 
receiver unit in said radio unit via a respective feeder 
having an attenuation that varies in time, and 
wherein said output is connected to its respective 
antenna, and wherein said first and said second 
transmitter amplifier units, each includes a respective 
variable amplifier; and 
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a difference amplifier having an input from said first 
sensing means, an input from said second sensing 
means, wherein the difference amplifier is adapted to 
compare said detector signal from said first and said 
second sensing means with a reference signal that 
corresponds to a desired output power, and wherein a 
difference signal is obtained on an output of the dif- 
ference amplifier, wherein 

the output of the difference amplifier is connected to 
each of said variable amplifiers of said communica- 
tions units, and 

the difference signal is used to control said variable 
amplifiers to compensate for said varying attenuation 
in respective feeders. 

14. A radio unit according to claim 13, wherein each of 
said communications units includes a remote receiver ampli- 
fier unit connected between said antenna and said feeder 
and, in turn, includes a second variable amplifier, wherein 
said difference signal is used to control the second variable 
amplifier to compensate for said varying attenuation in the 
feeder. 

15. A radio tmit according to claim 13, wherein each 
communications unit includes a second antenna, a remote 
receiver amplifier imit having an input from said other 
antenna and connected to said transmitter-receiver unit via a 
second feeder, wherein the receiver amplifier unit includes a 
second variable amplifier, and wherein said difference signal 
is used to control the second variable amplifier to compen- 
sate for said varying attenuation in the feeder. 

16. A radio unit according to claim 13, wherein said 
difference amplifier comprises: 

a first and a second peakhold detector, wherein said first 
peakhold detector is adapted to compare the detector 
signal from said first sensing means with said reference 
signal to obtain a first difference signal, and wherein the 
second peakhold detector is adapted to compare the 
detector signal from said second sensing means with 
said reference signal to obtain a second difference 
signal; and 

a comparator for delivering to said variable amplifiers that 
difference signal which conesponds to the detector 
signal that has the greatest importance. 

17. A radio unit according to claim 16, wherein said 
difference amplifier includes at least one switch, wherein 
said switch is controlled by the output signal of said com- 
parator to connect an output of said peakhold detectors to the 
output of the difference amplifier. 

18. A radio unit comprising: 

at least two communications units, wherein each commu- 
nication unit comprises: 

a power amplifier in series with a variable amplifier; 

a transmitter-and-receiver unit; 

a feeder having a time-varying attenuation; and 

an antenna, wherein said power amphfier and said vari- 
able amplifier are disposed between said antenna and 
said transmitter-and-receiver unit via said feeder; 

a sensing means which is adapted to generate a detector 
signal corresponding to the output power of said 
antenna; 

a difference amplifier for comparing said detector signal 
with a reference signal that corresponds to a desired 
power output, and wherein a difference signal is 
obtained on the output of the difference amplifier, 
wherein the output of the difference amplifier is con- 
nected to the variable amplifier, and said difference 
signal is used to control said variable amplifier to 
compensate for said varying attenuation in the feeder; 
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a supervisory unit located adjacent said transmitter- 
receiver units; and 

an antenna unit including a control unit connected to 
each difference amplifier and to the transmitter- 
receiver unit. 5 

19. A radio unit according to claim 18, wherein each of 
said communications units includes a receiver amplifier Id 
series with said variable amplifier, wherein said receiver 
amplifier has an input which is connected to said antenna 
and an output which is connected to said transmitter-and- lO 
receiver unit via said feeder. 

20. A radio unit according to claim 18, where the radio 
unit allows the first and the second communications units to 
transmit a broadcast channel alternately. 

21. A radio unit according to claim 18, wherein the radio 15 
unit is constructed to raise the radio power output to a 
maximum level over a time interval of short duration to 
update at least one of said first and said second difference 
signals. 

22. A radio unit according to claim 18, wherein said 20 
difference amplifier includes a peakhold detector. 

23. A radio unit according to claim 18, wherein said 
control unit is adapted to read the level of said detector 
signal and to send an alarm signal to the supervisory unit 
depending on said level. 25 

24. A radio unit comprising: 

a transmitter-and-receiver unit; 
an antenna unit; and 

a feeder with a time-varying attenuation, wherein the 
feeder connects the transmitter-and-receiver unit to the 
antenna unit, via a circulator; 
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the antenna unit comprising: 

an antenna connected to a remote transmitter amplifier 
unit, via a duplex filter, wherein the remote trans- 
mitter amplifier unit comprises a variable amplifier 
and a power amphfier used to compensate for the 
time -varying attenuation in the feeder; 
a control circuit, the control circuit comprising; 
a sensor means for generating a detector signal 
corresponding to a signal output power of the 
antenna; and 

a difference amplifier for comparing the detector 
signal with a reference signal corresponding to a 
desired signal output power, wherein the differ- 
ence amplifier generates a difference signal for use 
by the variable amplifier of the remote transmitter 
amplifier unit; and 
a remote receiver amphfier unit connected to the antenna, 
via the duplex filter, and the feeder, via the circulator, 
wherein the remote receiver amplifier unit comprises a 
second variable amplifier and a second power amplifier 
used to compensate for the time-varying attenuation in 
the feeder, and wherein the difference signal generated 
from the difference amphfier in the antenna unit is 
connected to the second variable amplifier of the 
remote receiver amplifier unit. 
25. A radio unit according to claim 24, wherein the 
reference signal is set at a predetermined time point that 
corresponds to a time point at which the output power shall 
be changed. 

* •!* 4* If >^ 
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